T HE most frequent cardiovascular anomaly following maternal rubella is patent ductus arteriosus.1-0; The majority of patients with typical signs of patent ductus arteriosus are treated surgically without special diagnostic studies such as cardiac catheterization and angiocardiography. In these individuals residual systolic murmurs may persist and are often attributed to mild pulmonary valvular stenosis. In many of these cases mild valvular pulmonic stenosis has been demonstrated by cardiac catheterization. [7] [8] [9] Other cardiac malformations,)' 10 have been associated with maternal rubella during the first trimester of pregnancy, but stenosis of the main pulmonary artery or its branches has been only recently described by Rowe.'; He studied offspring of mothers who had contracted rubella during an epidemic in New Zealand and found a high incidence of varying degrees of pulmonary artery stenoses. In 11 cases of stenoses of the pulmonary artery, only three had an associated patent ductus arteriosus. His report confirmed the previous implication of maternal rubella as a cause of pulmonary stenoses."1 A history of maternal rubella has occasionally been noted in other series of patients with stenoses of the pulmonary arteries.l2--)
The purpose of this report is to present findings in nine patients with pulmonary artery stenoses associated with patent ductus arteriosus. In seven, a definite history of maternal rubella during the first trimester was From the Department of Pediatrics, University of California School of Medicine, Los Angeles, California.
Supported by the National Institutes of Health, U. S. Public Health Service Grant HTS-5449. present. Of the remaining two, one was deaf and the other had a cataract, suggestive evidences of rubella syndrome.
Material and Methods
All nine patients were referred for evaluation of their cardiac status because of a heart murmur first noted in infancy. One (case 9*) presented with symptoms of left heart failure. Seven were female, two male, and all are living (table 1) .
In seven, rubella was diagnosed in the first trimester of pregnancy. In two, no such illness was documented, but a cataract in one and deafness in the other provided indirect evidence of the rubella syndrome.
The usual methods of clinical evaluation were employed, and cardiac catheterization and selective angiocardiography were performed in all.
The diagnosis of pulmonary artery stenosis was made at cardiac catheterization and confirmed by angiocardiography. Biplane selective angiocardiography from the right ventricle or main pulmonary artery was performed in six cases, cineangiocardiography in three instances, and an aortogram in one case (case 9). In three instances in which oxygen saturation data were not conclusive, a small patent duictus arteriosus was diagnosed angiocardiographically. In five patients, the ductus arteriosus was divided, and in one case (case 1) the pulmonary artery stenosis was confirmed during the operation. A surgical correction of the latter lesion was carried out 232 years later. Postoperative cardiac catheterizations were performed in two patients (cases 1 and 8). 
Results

Sex
History of rubella Case 9 had ventricular extrasystoles, diastolic gallop, and orthopnea with crepitant rales over both lung fields posteriorly. Bounding peripheral pulses were present in only three cases.
Roentgenologic Findings
In three cases there was no detectable cardiomegaly and the pulmonary vascular markings were within normal limits. Slight to moderate cardiomegaly was noted in four cases. Two had normal, one moderate, and one marked increase in pulmonary vascularity. In two cases there was marked cardiomegaly and marked increase in pulmonary vascular markings. Only two patients had prominence of the pulmonary artery segment (cases 4 and 9).
Electrocardiography
According to the usual criteria for age,1" standard electrocardiograms showed right ventricular hypertrophy in four cases, while one was normal. In three there was biventricular hypertrophy, which in one changed to right ventricular hypertrophy after ductus division. Vectorcardiograms correlated well with the electrocardiographic findings in all seven patients tested. Case 9 showed marked left ventricular and left atrial hypertrophy with occasional ventricular extrasystoles.
Phonocardiography
In seven cases phonocardiograms showed the above described characteristics of heart murmurs and sounds. In case 1 no change in the intensity and character of the murmur was noted after the attempted suirgical correction of the pulmonary artery stenosis.
Cardiac Catheterization Studies
The catheterization data are shown in table 2. In case 1 such studies were performed at 7 months, 3 years, and 3X2 years of age. The pulmonary artery was entered during the second catheterization but its branches were entered only after the attempted surgical correction of the pulmonary artery stenosis.
In case 2 the left pulmonary artery could not be entered. A left pulmonary vein was entered via a patent foramen ovale and a wedge pressure was obtained. This was similar to the mean arterial pressure of the right pulmonary artery, suggesting the presence of a low pressure in the left pulmonary artery as well. Stenosis of the left pulmonary artery was confirmed by cineangiocardiography.
In case 8 the right pulmonary artery was entered only during the second study 2M' years after division of the ductus arteriosus.
In six patients, the diagnosis of patent ductus arteriosus was made by oxygen satura- stenoses were found, of which five had bilateral and two unilateral narrowing of the pulmonary arteries. In addition, four older patients with a history of maternal rubella and bilateral pulmonary artery stenoses were included in his series. Associated patent ductus arteriosus was found in only three cases. Our series further supports Rowe's findings and suggests that pulmonary artery stenoses with or without other significant associated cardiac anomalies is a frequent malformation accompanying the rubella syndrome. Of 14 patients with ductus arteriosus and history of maternal rubella seen by us, nine have had evidence of bilateral or unilateral pulmonary artery stenoses. These nine constitute our present series. The remaining five have residual systolic murmurs after the division of the duetus. Two have been studied by catheterization, and mild pulmonary valvular stenosis was found. One probably has right pulmonary artery stenosis on the basis of the quality and distribution of the residual murmur, and two were not studied. On the other hand, in seven patients without a history of maternal rubella, who had a residual murmur after ductal division, only one had stenosis of the right pulmonary artery. Six had varying degrees of pulmonary valvular stenosis. In our series and that of Rowe,6 when the stenosis was unilateral only the right pulmonary artery was involved.
Since details of pregnancy are not provided in the majority of reported cases, the true incidence of pulmonary artery stenosis following maternal rubella cannot be estimated. Of the 89 cases of pulmonary artery stenosis now reported, 24 have definite and four probable rubella etiology.
Rubella epidemics undoubtedly may increase the number of pulmonary artery stenoses, but the resultant arterial anomaly following sporadic cases as in our series does not appear to differ from that arising from epidemics. ' The clinical findings in pulmonary artery stenoses have been well described.12'-4 but cardiac catheterization with angiocardiography is essential for establishing the diagnosis and providing information about the extent and location of the arterial lesion. The lesion must be suspected whenever a systolic murmur persists after division of patent ductus arteriosus, especially in patients with maternal rubella. Arterial lesions of moderate severity can be suspected by the intensity and radiation of the murmur to the right chest and axilla, posteriorly and to the left side. Since pulmonic valvular stenosis is so commonly present in these cases, transmission of the murmur to the left axilla is not so helpful in suspecting left pulmonary artery stenosis, especially when the lesion is of mild degree. Soft basal murmurs due to mild degrees of arterial stenosis may be erroneously considered innocent, especially when the electrocardiogram and roentgenogram are normal. Their transmission into both axillary regions, however, wvill often distinguish them.
'When a ductus arteriosus with a continuous murmur is present, coexisting pulmonary artery stenosis may be suspected by the transmission of the systolic component of the murmur into the right infraclavicular and axillary area.
The natural history of these pulmonary arterial lesions is not known. Their pathogenesis may be related to the insult to the vascular tissue of the rubella agent. The extremely fibrotic vessel wall found at operation in case 1 suggests an initial inflammatory reaction with eventual fibrosis.
Central rather than peripheral stenoses were found in our series. Mild stenoses may not affect longevity but in multiple peripheral stenoses, secondary thrombotic changes may contribute to the deterioration of these patients.18 19 The prognosis in patients wvith moderately severe central stenoses is not known. Lack of parallel growth of the involved areas in a growing child may increase the obstruction and eventually lead to right heart failure. Surgical treatment 20, 21-in severe central stenoses may be of help in these individuals, although in our case the result was not satisfactory. Prognosis in these patients must be guarded in spite of the fact that no fatalities have been reported in childhood. 
